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Objective. Diabetes is associated with low levels of physical activity (PA), but detailed objective information
about how PA patterns vary by diabetes deﬁnition is lacking.
Methods. PA was measured with ActiGraph accelerometers in older (60+) adults from the 2003–2006 Na-
tional Health and Nutrition Examination Survey (n= 1,043) and analyzed in 2014. Diabetes deﬁnition (normal
glucose levels, prediabetes, and diabetes) was assessed (fasting glucose, hemoglobin A1C, and self-report).
Accelerometer data were used to characterize total activity counts (TAC) per day and hour-by-hour activity
counts by diabetes deﬁnition. Multiple linear regression models explored the relationship between diabetes
deﬁnition and TAC.
Results. Despite similar patterns of PA, diabetes participants had signiﬁcantly lower TAC compared to partic-
ipants with normal glucose levels and prediabetes. Diabetes participants' activity counts per hour declinedmore
rapidly after 12 p.m., with the biggest differences between the groups occurring at 4:00 p.m. Participants with
normal glucose levels and prediabetes had similar TAC and daily PA proﬁles.
Conclusion. Our novel methodology provides information about PA patterns by diabetes deﬁnition. Signiﬁ-
cantly lower TAC in the diabetes group, their signiﬁcant drop in afternoon PA, and the similarity of PA between
participants with normal glucose levels and prediabetes provide insight into potential targets for intervention.Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Currently, type 2 diabetes (here after referred to as diabetes) affects
29.1 million Americans (Centers for Disease Control and Prevention,
2014b), and by 2050, its prevalence is estimated to increase by 165%
(Centers for Disease Control and Prevention, 2011). While an activearch Program of the National
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ss article under the CC BY-NC-ND liclifestyle can delay, prevent, and reverse diabetes (Diabetes Prevention
Program Research Group, 2002; Hu et al., 2001a, 2001b; Laaksonen
et al., 2005), little is known about the amount and daily patterns of
physical activity (PA) in older populations with different diabetes deﬁ-
nitions (normal glucose levels, prediabetes, and diabetes) because few
studies have objectively measured PA in this population (Arnardottir
et al., 2013).
Literature supporting the role of PA in diabetes prevention hasmain-
ly relied on self-reported PA (Helmrich et al., 1991; Hu et al., 2001a,
2003). However, reliance on self-report methods may fail to capture
sporadic, lower intensity, and harder to recall PA (Washburn, 2000). It
is also challenging to obtain accurate estimates of the absolute amount
or timing of PA throughout the day with self-report methods (Sallis
and Saelens, 2000).
Accelerometry provides an objective estimate of most free-living
ambulatory PA (Miller et al., 2010). Researchers often apply intensity-
related cut points to accelerometer data to identify time spent in
sedentary, light, moderate, or vigorous PA (Evenson et al., 2012), butense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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has been questioned (Copeland and Esliger, 2009; Lopes et al., 2009;
Schrack et al., 2014; Swartz et al., 2000; Troiano et al., 2008). Total
activity counts (TAC) per day, as an alternative to cut points, weights
the activity of each minute according to the intensity of the movement
and provides a measure of total PA volume (Schrack et al., 2014; Wolff
et al., 2014).
The aims of this study are (1) to describe daily PA patterns by
diabetes deﬁnition (normal glucose levels, prediabetes, and diabetes)
and (2) to determine the relationship between diabetes deﬁnition and
TAC in a national sample of older adults.
Methods
Data from the interview, examination, and laboratory components
of the National Health and Nutrition Examination Survey (NHANES)
2003–2006were used. TheNational Center of Health Statistics Research
Ethics Review Board has approved all protocols and each participant
gave informed consent (Centers for Disease Control and Prevention,
2003–2006). We included participants 60 years of age and older (n =
3,471), with at least 4 valid days of accelerometer wear time data
(n = 2,313), who had the information required to determine diabetes
deﬁnition (normal glucose levels, prediabetes, and diabetes) based on
plasma glucose serum samples from themorning blood draw, hemoglo-
bin A1C, or self-report (n = 1,120), and had information on all covari-
ates (see below) (n= 1,043).
Diabetes
Diabetes deﬁnitionwas based on elevated fasting glucose (≥126mg/
dl), A1C (≥6.5% [48 mmol/mol]), or self-report of: “Yes” in response to
the questions “Have you ever been told by a doctor you have diabetes?”,
or to the use of antidiabetic medications. Prediabetes was determined
based on impaired fasting glucose (100–125.9 mg/dl) or A1C (5.7%
[39 mmol/mol]–6.49% [47.9 mmol/mol]). Normal glucose levels
corresponded to b100 mg/dl, and A1C b5.7% [39 mmol/mol]
(American Diabetes Association, 2010).
Accelerometry
Participants wore an ActiGraph AM-7164 accelerometer (ActiGraph,
Fort Walton Beach, FL) over the right hip for seven consecutive days,
removing it during sleeping, bathing, or other aquatic activities. The
uniaxial accelerometer measures acceleration in the vertical axis and
transforms it to “counts”, a proprietary measurement of movement
intensity. Our analysis included individuals with four or more valid
days (≥10 h per day) of monitor wear. As previously done, daily
accelerometer wear time was determined by subtracting non-wear
time from 24 h. Non-wear time was deﬁned by an interval of at least
60 consecutive minutes of zero accelerometer counts, allowing for
1–2min of counts between 0 and 100 (Troiano et al., 2008). The average
of the median activity counts per hour, for each hour across all valid
dayswere calculated. Ameasure of total PA, TAC per day, was calculated
across all valid days.
Statistical analysis
Data analysis was conducted with SAS software (Research Triangle
Park, NC). Following the recommended guidelines from the NCHS the
appropriate 4-year sampling weight (MEC4YR) (2003–2006) was
used for analyses to account for the complex sampling design utilized
by the NHANES (U. S. Department of Health and Human Services,
2006), and methods for subpopulation analysis within SAS survey
procedures were employed. Participant characteristics by diabetes def-
inition were assessed using X2 test (categorical variables), analysis of
variance (normally distributed continuous variables), and Wilcoxon–Mann–Whitney test (non-normal continuous variables). The effects of
sex on TAC and wear time were compared within diabetes deﬁnitions
using linear regression. For participants with at least 1 weekday and 1
weekend day of data, paired t-tests were used to compare weekday
and weekend TAC within diabetes deﬁnitions. Curves were generated
to describe median activity counts per hour and cumulative TAC by
diabetes deﬁnition. Wilcoxon–Mann–Whitney tests with a Bonferroni
adjusted p-value (0.05/72) = 0.00069 (three groups compared across
24 h of the day) compared median activity counts per hour between
groups.
The skewed distribution of TAC was log transformed to bring the
distribution closer to normal, and multiple regression analysis exam-
ined the relationship between diabetes deﬁnition (normal glucose
levels = reference category) and other covariates on log TAC. Variables
related to both PA and diabetes based on bivariate analysis (race, waist
circumference, education level, and metabolic syndrome diagnosis) or
known to effect the outcome variable PA (age, sex, employment status,
cigarette smoking, cardiovascular disease, waist circumference, and
accelerometer wear time) were included in the ﬁnal multivariable
analysis. The relationship between diabetes deﬁnition and log TAC
was evaluated in model 1. Additional confounding variables including:
age, sex, employment status (working, not employed), education (less
than high school, high school, more than high school), cigarette
smoking (never, former, current), cardiovascular disease (angina,
congestive heart failure, coronary heart disease, heart attack, stroke)
(yes, no), waist circumference, and accelerometer wear time were in-
cluded in model 2. Race and metabolic syndrome were not signiﬁcant
in multivariable analyses and did not remain in model 2. Log TAC was
compared in prediabetes and diabetes participants by estimating the
difference in regression coefﬁcients for each group using the estimate
option in SAS. Regression coefﬁcients were exponentiated to interpret
as the percent difference in TAC associated with a 1-unit change in the
predictor. Sensitivity analyses were conducted with the exclusion of
highly active individuals (top 1% and top 5% of TAC). Signiﬁcance was
set at p b 0.05.Results
A large number of older adults (60+) were excluded from the
analytic sample because of inclusion criteria. Those included in the
study (n= 1,043) were not signiﬁcantly different from those excluded
(n=2428) regarding waist circumference, race, sex, or smoking status
but were signiﬁcantly younger, higher educated, less likely to have
cardiovascular disease, and more likely to be employed than those ex-
cluded. Of the 1,043 included, 302 (29%)were deﬁned as having normal
glucose levels, 471 (45%) prediabetes, and 270 (26%) diabetes (Table 1).
A greater proportion of women were deﬁned as having normal glucose
levels or diabetes. Diabetes participants had lower educational levels
compared to those with normal glucose levels. Diabetes participants
also had greater waist circumference, elevated fasting glucose, and
A1C, were more likely to have metabolic syndrome, and cardiovascular
disease than prediabetes or those with normal glucose levels. Median
TAC (126,645) for diabetes participants was signiﬁcantly lower than
prediabetes (167,082) and those with normal glucose levels (189,498)
(Table 1, and Fig. 2), but there were no signiﬁcant differences inmedian
TAC between participants with normal glucose levels and prediabetes.
Average wear time (14.6 h/day), and proportion of wear time derived
from weekdays (73%) were consistent across groups.
Within all diabetes deﬁnitions, men had signiﬁcantly greater TAC
than women, controlling for confounders. Men with normal glucose
levels and prediabetes had higher accelerometer wear time compared
to women with the same diabetes deﬁnition (Table 2). Participants
had greater TAC on weekdays than on weekend days regardless of
diabetes deﬁnition. Those with diabetes had signiﬁcantly less TAC
than the other groups on weekdays and weekend days (Table 2).
Table 1
Characteristics of the study population by diabetes deﬁnition: 2003–2006 NHANES.
Characteristicsa Diabetes deﬁnition (n= 1043)
Normal glucose levels (n= 302) Prediabetes (n= 471) Diabetes (n= 270) χ2, pb
Sex, % (n) 0.002†, ‡
Men 35.1 (135) 50.3 (256) 44.3 (139)
Women 64.9 (167) 49.7 (215) 55.7 (131)
Age (years)§, M (SE) 69.8 (0.6) 70.9 (0.4) 70.6 (0.5) 0.239
Race, % (n) 0.120||
Non-Hispanic white 84.9 (200) 84.5 (300) 76.4 (135)
Non-Hispanic black 6.9 (39) 6.7 (64) 11.9 (56)
Hispanic 2.9 (50) 3.2 (84) 4.7 (67)
Other 5.3 (13) 5.5 (23) 6.9 (12)
Education, % (n) 0.015†
bHigh school 19.2 (89) 24.1 (160) 28.2 (109)
High school 27.9 (76) 28.5 (126) 33.2 (73)
NHigh school 52.9 (137) 47.4 (185) 38.6 (88)
Work status, % (n) 0.38
Not employed 76.8 (235) 74.5 (354) 81.3 (228)
Employed 23.2 (67) 25.5 (117) 18.7 (42)
Smoking, % (n) 0.205
Never 43.2 (133) 37.8 (187) 48.5 (126)
Former 42.3 (126) 49.7 (230) 40.8 (112)
Current 14.5 (43) 12.5 (54) 10.7 (32)
Waist circumference (cm), M (SE) 95.1 (1.0) 101.7 (0.8) 106.6 (1.1) b0.001†,‡,||
Fasting glucose (mg/dL), median (IQR) 92.9 (91.9–94.0) 105.4 (104.3–106.5) 133.7 (128.3–139.2) b0.001†,‡,||
A1C (%, [mmol/mol]), median (IQR) 5.3 [34] (5.2 [33]–5.3 [34]) 5.6 [38] (5.6 [38]–5.7 [39]) 6.4 [46] (6.1 [43]–6.7 [50]) b0.001†,‡,||
Metabolic syndrome, % (n) 9.4 (21) 35.0 (161) 47.3 (136) b0.001†,‡,||
Cardiovascular disease, % (n) 19.2 (61) 25.4 (111) 37.2 (91) 0.001†,||
Wear time (h/day), M (SE) 14.5 (0.1) 14.6 (0.1) 14.6 (0.2) 0.748
Proportion wear from weekdays, M (SE), % 75.8 (0.2) 75.7 (0.4) 72.9 (0.6) 0.336
TAC, median (IQR) 189498 (173036–205960) 167082 (156600–177722) 126645 (106883–146407) b0.001†,||
Log TAC, median (IQR) 12.152 (12.064–12.240) 12.027 (11.964–12.090) 11.749 (11.591–11.908) b0.001†,||
Cardiovascular disease (angina, congestive heart failure, coronary heart disease, heart attack, stroke); n=number, M=mean, SE= standard error, IQR= interquartile range. a Four-year
samplingweights (MEC4YR) andwere applied. bp-values for overall group comparisons, analysis of variance for normally distributed continuous variables,Wilcoxon–Mann–Whitney test
for non-normal continuous variables, and chi-square test for proportions. Pairwise comparisons: †Participants with normal glucose levels patients signiﬁcantly different from diabetes
patients (p b 0.05). ‡Participants with normal glucose levels patients signiﬁcantly different from prediabetes patients (p b 0.05). §Average age not representative of study population;
NHANES groups all people ≥ 85 years of age and older as 85-years-old. ||Prediabetes patients signiﬁcantly different from diabetes patients (p b 0.05).
Table 2
Accelerometer TAC andwear time comparison betweenmen andwomen by diabetes def-
inition (n = 1043), and within groups on weekdays and weekend days (n = 1007):
2003–2006 NHANES.
n Total activity
counts M (SE)
Wear time
(h/day), M (SE)
Diabetes deﬁnitiona
Normal glucose levels men 135 205671 (9688) 14.8 (0.2)
Normal glucose levels women 167 194521 (8613) 14.4 (0.1)
p-value 0.039 0.038
Prediabetes men 256 197606 (5801) 14.8 (0.1)
Prediabetes women 215 172456 (8770) 14.3 (0.1)
p-value 0.038 0.007
Diabetes men 139 167920 (11918) 14.7 (0.3)
Diabetes women 131 139142 (9031) 14.4 (0.3)
p-value 0.008 0.47
Weekdays vs. weekend daysb
Normal glucose levels weekdays 291 202011 (7317) 14.5 (0.1)
Normal glucose levels weekend days 187861 (7213)
p-value b0.0001
Prediabetes weekdays 455 189605 (6572) 14.6 (0.1)
Prediabetes weekend days 170890 (5720)
p-value b0.0001
Diabetes weekdaysc 261 155520 (9497) 14.6 (0.2)
Diabetes weekend days c 140302 (8242)
p-value 0.0004
M=mean, SE = standard error. aFour-year sampling weights (MEC4YR) were applied,
and adjusted for age, employment status, education, smoking category, cardiovascular
disease, waist circumference, and wear time. bN does not equal total N because mean
differences were calculated within individuals with at least 1 valid week and weekend
day and did not take into account covariates. cDiabetes signiﬁcantly different from both
other groups on weekdays and on weekend days.
Signiﬁcant differences (p-value b 0.05) are bolded.
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a.m. and 8:00 a.m. in all groups, and activity counts per hour increased
rapidly in the morning. Median activity counts per hour increased
366% from 7:00 to 8:00 a.m., 63% from 8:00 to 9:00 a.m., 34% from
9:00 to 10:00 a.m., and 9% from 10:00 to 11:00 a.m. (Fig. 1A). Diabetes
participants were signiﬁcantly less active than those with normal
glucose levels from 10:00 a.m. to 8:00 p.m. and signiﬁcantly less active
than the prediabetes participants from 10:00 a.m. to 6:00 p.m.
(Wilcoxon–Mann–Whitney = p b 0.00069), with the greatest differ-
ences between the groups occurring at 4:00 p.m. There were no differ-
ences between those with normal glucose levels and prediabetes
participants (Figs. 1A, B and 2).
In multivariable analyses, model 1 showed a signiﬁcant negative
association between diabetes deﬁnition and log TAC (Table 3). Beta-
coefﬁcients indicated that diabetes participants averaged 25.8%
lower TAC compared to participants with normal glucose levels
(β=−0.299, p b 0.001) and 19.6% lower TAC compared to prediabetes
participants (β=−0.218, p b 0.001). There was no difference in TAC
between those with normal glucose levels and those with prediabetes.
The former associations remained signiﬁcant with the addition of
covariates (model 2). Controlling for age, sex, employment classiﬁca-
tion, education, cigarette smoking, cardiovascular disease, waist
circumference, and accelerometer wear time, diabetes participants
had 14.2% lower TAC than those with normal glucose levels (β =
−0.153, p b 0.001) and 13.6% lower TAC than prediabetes participants
(β=−0.146, p b 0.001). Results were similar for weekday/weekend
TAC. Excluding highly active individuals did not change the relationship
between diabetes deﬁnitions and log TAC.
The results of the log TAC analysis were back transformed to provide
context. After controlling for confounding, the model 2 parameter
Fig. 1. (A) Twenty-four-hour activity counts per hour (median). Black circles = participants with normal glucose levels participants, white triangles dashed line = prediabetes
participants, black squares = diabetes participants. (B) p-values plot of the difference (Wilcoxon–Mann–Whitney) between groups median activity counts per hour. For visual
representation log10 was plotted for all p-values. White circles = participants with normal glucose levels vs. diabetes participants, black squares= prediabetes vs. diabetes participants,
white triangles = participants with normal glucose levels vs. prediabetes participants, solid line = Log10 (0.05/72): 2003–2006 NHANES.
Table 3
Association between log cumulative daily activity counts and diabetes deﬁnition
(n = 1043): 2003–2006 NHANESa.
Dependent variable Model 1 Model 2 c
Log daily cumulative activity counts R2 = 0.04 R2 = 0.37
Independent variables β p β p
Intercept 12.062 b0.001 12.000 b0.001
Diabetes patients −0.299 b0.001 −0.153 b0.001
155J.A. Steeves et al. / Preventive Medicine Reports 2 (2015) 152–157estimates indicated that estimated TAC for participants with normal
glucose levels, prediabetes, and diabetes—assuming mean values for
each continuous covariates and reference group for each categorical
covariate—were 162755, 162267, and 139665, respectively.
Discussion
Using objectively measured PA in a large sample of U.S. older adults
(60+), this study demonstrated that despite similar overall patterningFig. 2. Twenty-four-hour cumulative activity counts per day (median). Black circles =
participants with normal glucose levels participants, white triangles = prediabetes
participants, black squares = diabetes participants: 2003–2006 NHANES.
Prediabetes patients −0.081 0.066 −0.003 0.93
Prediabetes patients vs. diabetes patientsb −0.218 b0.001 −0.15 b0.001
Age −0.034 b0.001
Female −0.146 b0.001
Not employed 0.17 b0.001
bHigh school 0.129 0.021
High school −0.001 0.987
Current smoker −0.216 b0.001
Former smoker 0.015 0.683
Cardiovascular disease −0.146 b0.001
Waist circumference −0.01 b0.001
Wear time 0.001 0.003
Model 1 shows the beta-coefﬁcient and p-value from a simple linear regression model
assessing the relationship between diabetes status (participants with normal glucose
levels patients = reference category) and the log of cumulative daily activity counts.
Model 2 expands upon model 1 by adding age and sex (male = reference category),
employment status (employed = reference category), education (N High school =
reference category), smoking (never smoker = reference category), cardiovascular
disease (no = reference category), waist circumference, and wear time to the model.
Variables for race, andmetabolic syndrome diagnosis were not signiﬁcant inmultivariable
analysis and not included in model 2. aFour-year sampling weights (MEC4YR) were ap-
plied. bThe coefﬁcient for prediabetes patients vs. diabetes patients was determined
using the estimate statement. cAll confounding variableswere centered to ease interpreta-
tion of the intercept (the average log daily activity counts for the average person in the
data set accounting for the proportions of the categorical variables).
Signiﬁcant differences (p-value b 0.05) are bolded.
156 J.A. Steeves et al. / Preventive Medicine Reports 2 (2015) 152–157of PA between all three groups, adults livingwith diabetes accumulated
less PA compared to those with normal glucose levels and prediabetes
participants. Prediabetes participants and those with normal glucose
levels had similar PA. The quantiﬁcation of the magnitude and timing
of the differences in PA between groups are novel contributions which
can inform the development of primary care and community-based
interventions to increase PA.
While it is well-established that physical inactivity is a risk factor for
incident diabetes (Folsom et al., 2000; Jeon et al., 2007), little is known
about the actual PA patterns of this high-risk population (Tudor-Locke
et al., 2009). Our hour-by-hour analysis showed that overall daily PA
patterns were similar between groups, however the diabetes partici-
pants diverged from the other groups early in the day, and that the
biggest differences in PA occurred between 1:00 and 6:00 p.m. This is
signiﬁcant because older adults tend to get most of their PA between
12:00 a.m. and 4:00 p.m. (Arnardottir et al., 2013). The p-value curve
provides a visual of the statistical differences in activity counts per
hour between the groups and describes how groups diverge and con-
verge over the day. The cumulative activity counts plot demonstrates
how activity accumulates over the day, showing the gap between the
diabetes participants and others expanding to a maximum value at
the ﬁnal data point for each group, the median TAC (Bai et al., 2014).
Thosewith diabeteswere less active than the other groups onweekdays
and weekend days. In line with previous ﬁndings, we observed a week-
end-related drop in activity (Van Domelen et al., 2011) and a sex-relat-
ed impact on activity with women having lower TAC than men in all
groups (Hawkins et al., 2009).
There is a scarcity of objectively measured PA in diabetes partici-
pants and those at high risk for developing diabetes (Morrato et al.,
2003; Tudor-Locke et al., 2009). Interestingly, we found that prediabe-
tes participants and those with normal glucose levels have similar
amounts of PA, while diabetes participants hadmuch less. For prediabe-
tes participants, this is a particularly optimistic observation because
increased PA is important for delaying or preventing the development
of diabetes (Aponte, 2013; Diabetes Prevention Program Research
Group, 2002; Laaksonen et al., 2005). It is estimated that 15%–30% of
individuals with prediabetes will develop diabetes within 5 years
(Centers for Disease Control and Prevention, 2014c); however, lifestyle
modiﬁcations, such as increasing PA, can prevent the progression to
diabetes by reversing prediabetes (Centers for Disease Control and
Prevention, 2014a; Diabetes Prevention Program Research Group,
2002). From a public health stand-point, assessing PA of prediabetes
participants may be important to determine appropriate treatment
and management strategies to reduce their risk of developing diabetes.
Changing in the scheduling of activities or appointments may be one
method to increase PA during the afternoon. Our ﬁndings need further
investigation into what factors (e.g., physician advice to exercise,
resources, supportive environment, etc.) are attributable to the higher
levels of activity in the prediabetes participants so these factors can be
targeted for intervention.
Differences in physical activity by diabetes statuswere substantial in
this study. Exponentiation of the estimated regression coefﬁcient for
diabetes in Model 2 of Table 3 indicates that adults with diabetes
average 14.2% lower TAC than adults with normal glucose levels. For
perspective, the same model indicates that an equivalent reduction in
TAC is attributed to a 4.5-year increase in age.
We cannot establish the directionality of the relationship between
diabetes and TAC in our cross-sectional analysis. It is unclear whether
older adults with diabetes were less active than their peers without
the disease due to choice or ability. Those with diabetes often have
decreased capacity for exercise (LeBrasseur and Ruderman, 2005;
Regensteiner et al., 1998; Schneider et al., 1984), increased physical dis-
abilities (Gregg et al., 2000; Wolff et al., 2002), and discomfort when
exercising (Thomas et al., 2004) that may contribute to lower PA levels
(Fritschi and Quinn, 2010; Morrato et al., 2003; Schrack et al., 2014). In
our sample, diabetes participants were more likely to have increasedwaist circumference, CVD, and metabolic syndrome which may
inﬂuence engagement in PA (Lee, 2010; Tucker et al., 2013).
While cross-sectional data are convenient for hypothesis generation,
it limits the scope of the results and precludes the ability tomake causal
inference. Other limitations must be acknowledged. We adjusted for
potential confounders related to diabetes and PA. However, we did
not have information on the duration of prediabetes and diabetes,
which may impact PA. Also, because the diagnosis of diabetes was
based on fasting glucose and A1C, but not OGTT, some diabetic and
prediabetic patients may have been missed. OGTT was only available
for NHANES 2005–2006. Using it to determine diabetes deﬁnition
would have further limited our sample size. The sample was restricted
to older adults due to their higher prevalence of diabetes (Centers for
Disease Control and Prevention, 2003–2006); therefore, the results
may not be generalizable to younger populations. Because of numerous
missing data (accelerometer data, biological measures, and other
covariates), a large proportion of the older population were excluded
from the analysis. The missing data might not be at random, and selec-
tion bias may exist such that the study population may not be entirely
representative of the U.S. older population. The use of accelerometers
to objectively measure physical PA is a major strength of this study.
However, accelerometers do not capture all types of PA, nor do they
provide information on the type of PA performed, and their ability to
accurately identify time spent in speciﬁc activity intensity categories is
not above reproach (Crouter et al., 2013; Schrack et al., 2014; Strath
et al., 2003). Using TAC, which incorporates all intensity categories
and provides a measure of total PA volume, is one way to reduce the
impact of some of these limitations (Schrack et al., 2014; Wolff et al.,
2014). We also must acknowledge that it is possible that individuals
wore monitors for different amounts of time on different days, which
may be of greater concern when analyzing data hourly than when
using daily summaries.
Conclusion
In conclusion,we found that compared to thosewith normal glucose
levels and prediabetes, diabetes participants had less PA, and that predi-
abetes participants had PA levels comparable to those with normal
glucose levels. Regardless of the causal direction of the relationship
between PA and diabetes deﬁnition, the quantiﬁcation of the timing
and magnitude of differences in PA between these groups has valuable
intervention implications. Findings from this study suggest that
diabetes participants could beneﬁt from increasing PA throughout the
afternoon, and that all participants should be encouraged to increase
weekend activity.
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